ElectrothermalAtomic AbsorptionSpectrometric Determination of Aluminum in Serum with a New Technique for Protein Precipitation
Sue Brown,' Roger L Bertholf,1'2 Michael R. Wills,"3 and John Savory"2 We have studied the electrothermal atomic absorption measurement of aluminum in serum samples by direct analysis with standard additions and the use of a matrix modifier. We have also measured aluminum by analysis of the supemate after pretreatment of serum with concentrated nitric acid to precipitate proteins, and have compared the results obtained by these two techniques. Both appear to eliminate interferences arising from the serum matrix. We quantified the aluminum by utilizing a stabilized temperature (L'vov) platform. Within-run precision (CV) for the standard-additions method was 16.6% ( = 6.5 g/L) and 6.0% ( = 86.8 g/ L) and for the protein precipitation method was 10.1% ( = 10.9 g/L) and 4.2% ( = 88.5 /.Lg/L). Linearity of the standard curve extended from 0 to 120 sg/L for the standardadditions method and from 0 to 100 g/L for the protein precipitation method. Samples from 38 patients were analyzed by both techniques, and linear regression analysis yielded the equation y (protein precipitation) = 1.02 x (standard additions) + 2.04.
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The importance of monitoring aluminum concentrations in the serum of patients with chronic renal failure who are on dialysis, as well as in dialysate fluids and water samples, has been well documented (1, 2). Most investigators use electrothermal atomic absorption spectrometry for these measurements, which are usually standardized by use of an aqueous-sample-based standard curve (3-6), or by the method of standard additions (7) (8) (9) . We have reported that direct analysis of serum introduces interferences from the serum matrix (7) . The method of standard additions eliminates this problem by treating the sample matrix as its own standard. Addition of a matrix modifier to the system enhances the aluminum signal during atomization (10) but does not eliminate the matrix interferences from serum. Similarly, use of the stabilized temperature platform enhances the precision of the assay by assuring that the sample is vaporized into a preheated environment (6, 10) 
Materials and Methods

Instrumentation
For the aluminum determinations we used a Model 5000 atomic absorption spectrophotometer with a Model 500 heated graphite atomizer (programmable), an AS4O autosampler, and a Model 024 recorder (allfrom Perkin-Elmer Corp., Norwalk, CT 06856). A deuterium arc lamp was used to correct for background noise. Grooved graphite tubes (no. B0290-1822) and L'vov platforms (no. B0121-091) were purchased from Perkin-Ehner. The instrument settings and furnace program are detailed in Table 1 .
Reagents
Standards. Standards were prepared by appropriate dilution of a 1 mg/mL Certified Aluminum Atomic Absorption Standard (Fisher Scientific, Pittsburgh, PA 15219) with distilled water or with the matrix modifier.
Matrix modifier. We added 1.05 g of magnesium nitrate (Certified A.C.S., Fisher Scientific) and 2 mL of Triton X-100 (Fisher Scientific) to an acid-washed 1-L volumetric flask, diluted to volume with distilled water, and mixed well. The matrix modifier was stored in a polyethylene bottle and was stable for two months.
Pooled sera. A normal serum pool was prepared from blood drawn from healthy volunteers. A high-aluminum
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bfrj.g0 purge gas flow = 300 mUrnin. pool was prepared by combining sera from uremic patients. We stored the pools in 17 x 100 mm polypropylene tubes (Falcon, Oxnard, CA 93030) at 4#{176}C.
Methods
Preparing aluminum-free glassand plasticware. (Table 1) . Prepare a standard curve from data on aqueous samples (0 to 100 g/ L) and calculate the specimen concentration from this curve. We routinely analyzed each sample in duplicate.
Standard curve comparisons.
To determine whether serum aluminum concentrations could be calculated by comparison with an aqueous standard curve, we calculated the mean slope for standard-addition curves prepared from data on 49 normal and 77 uremic serum samples and compared the result with the mean slope of six aqueous standard curves. For the protein precipitation method, we constructed standard curves with normal serum pool supernates, high pool supernates, and distilled water.
Analytical recovery. We pipetted 5 mL of pooled serum to each of three polypropylene tubes (Falcon), then added 50 ML of aqueous standards (2000, 5000, and 10 000 g/L) to give final concentrations of added aluminum of 20, 50, and 100 tgfL and mixed thoroughly. After letting the samples stand for 10 mm, we performed aluminum analyses in duplicate.
Protein content of supernate. To determine the effectiveness of the protein precipitation technique in yielding a protein-free supernate, we chromatographed normal and uremic serum samples, and their respective post-precipitation supernatant fractions, on a P-2 column (Bio-Rad Laboratories, Richmond, CA 94804). We checked for protein in the void volume fractions by measuring absorbance at 280 nm.
Patients' samples comparison.
We determined the aluminum content in samples from 38 patients by both methods and analyzed the results by linear regression. Aluminum concentrations ranged from 7 to 339 g/L.
Results and Discussion
The furnace program described by Leung The comparison of standard curves, shown in Table 3 , strongly demonstrates the differences between aqueous standards, normal serum, and uremic serum in the direct analysis of the specimen. The standard-additions method allows each serum sample matrix to serve as its own standard. Both the differences between the mean slopes of aqueous and normal serum addition curves (p < 0.00001), and the mean slopes of aqueous and uremic serum addition curves (p < 0.005) are significant. Mean slopes between normal serum and uremic serum addition curves also differ significantly (p < 0.00001). Standard curves prepared with supernate from the protein precipitation technique of normal and high-aluminum serum pools have slopes that are similar to each other and to the aqueous curve prepared.
Analytical recovery data are summarized in Table 4 . Both methods accounted for nearly 100% of the added aluminum.
The linearity of the standard-additions method isO to 120 g/L. Serum with high aluminum concentration can be Determination of the total protein concentration of each serum pool and the protein concentration of its supernate shows that between 96 and 99% of the protein present is precipitated. These findings reinforce the value of the protein precipitation technique in providing a sample that is substantially free of matrix protein interferences for final analysis.
We have presented two techniques for the determination of aluminum in serum, both of which have advantages and disadvantages. If serum is analyzed directly by electrothermal atomic absorption spectrometiy (i.e., diluted with water or a matrix modifier), the concentration must be calculated by the method of standard additions because the mean slopes of aqueous, normal serum, and uremic serum addition curves are markedly different. Many previous reports of direct electrothermal atomic absorption methods for the measurement of aluminum in serum must, therefore, have incurred serious errors when used for the analysis of specimens from patients with chronic renal failure (3, 4, 10, 13, 14) . Several investigators have approached the problem of matrix interferences by using chemical matrix modifiers to obviate the effects of interfering constituents (5, 10, 15) . However, in our hands, none of these matrix modifiers has reduced matrix interferences sufficiently to allow calibration of all serum samples (normal and uremic) with an aqueous standard curve.
An aqueous standard curve can be utilized in the protein precipitation technique to calculate serum concentrations. However, the protein precipitation method requires 2 mL of serum, three times that required in the standard-additions 1218 CLINICALCHEMISTRY, Vol. 30, No. 7, 1984 method. We believe the standard-additions method, with a matrix modifier and the use of a stabilized temperature platform during electrothermal atomic absorption spectromRecovery, % etry analysis, is a precise and versatile method for clinical use. This work was supported by a grant from the Aluminum Association, Inc., Washington, DC.
